Credit is generally given to Jean Louis Petit, who lived in the 18th century, for being the first person to describe tuberculous mastoiditis. In 1835 Romberg and Geissler connected tuberculous mastoiditis with pulmonary tuberculosis. Wilde in 1853 discussed the now classical picture of the painless onset of the discharge, and he described the appearance of the tympanic membrane in the disease, while in 1878 Schwartze noted the cheesy infiltration and the tubercles of the mucosa. Politzer discussed the condition in 1865, and in 1882 he demonstrated the destructive nature of the disease. Meniere is credited with the description of the destruction of the membrane in tuberculosis, and ascribed the severe deafness to this destruction. In 1882 Koch demonstrated the tubercle bacillus, and in the following year Esche found the bacillus in the aural discharge. Habermann demonstrated giant cells and tubercle bacilli in the mucosa of the tympanic cavity in 1885, while in 1900 Oppenheimer reported the destruction and even extrusion of the ossicles.
In 1903 there was a discussion on the condition opened by Milligan, Jobson Horne and Wingrave in the Otological Society of the United Kingdom; in 1915 Logan Turner and J S Fraser opened a discussion in this Section on tuberculosis of the middle ear cleft in children; while in 1931 Ormerod and StClair Thomson led a discussion in this Section on the subject, largely as it affected adults.
Frequency
It is difficult from published reports to obtain figures of the frequency of tuberculous otitis media because these invariably quote a relative frequencyrelative to suppurative otitis media, or relative to pulmonary tuberculosis, for example. The most frequently cited figures are those of Logan Turner and Fraser in 1915, and these refer to the attendances at the Ear, Nose and Throat department of the Royal Infirmary of Edinburgh during the years 1907-1914: 1797 cases of otitis media in children under 15 years of age were treated during this period, and of these 51 (2.8 %) were tuberculous. Of the 505 cases under the age of 5 years 48 (9.4%) were tuberculous; of 172 cases under 2 years of age 47 (27.9 %) were tuberculous; and of 86 cases under one year of age 43 (50%Y.) were of tuberculous origin. They noted that 32 of these 43 cases presented in the first six months of life. In addition there were 9 cases of tuberculous otitis media in people over 15 years of age. I have always found these figures difficult to interpret, and in order to arrive at a frequency with regard to age groups I have reversed them (Table 1) .
A follow-up paper from the same department published by M'Cart in 1925 related to the figures from 1915 to 1924. During this period there were 4285 cases of suppurative otitis media, and of these 55 (1.3 %) were tuberculous. Nine occurred in people over 15 years of age and 46 in children. Unfortunately the figures are not quoted in relation to otitis media for each age group as were those of Turner and Fraser, so that one cannot (Table 2 ). It is apparent that there had been a change in the frequency relative to age in that the preponderance lies in the 1-5 age bracket, and M'Cart comments that the small number in infants was due to the opening of an ear, nose and throat department in the Royal Hospital for Sick Children in Edinburgh. Guthrie (1920) reported from that department that out of 143 cases of suppurative otitis media 13 (9%) were of tuberculous origin, 12 of these being found in the first year of life. Looking back on these figures one cannot help regretting that there had been no correlation of tabulation. All that can be deduced is that over the period 1907-1924 there were at least 110 cases of tuberculous otitis media in children under 15 years of age in Edinburgh, 62 of them in infants during the first year of life. This represents 1.8 % of suppurative otitis media, and works out at about 6 cases per annum. In addition there were 18 cases in those over 15 years of age, making a total of some 7 cases each year. There have been a number of reports relating the frequency of tuberculous otitis media to that of pulmonary tuberculosis (Table 3) . It would appear from these statistics that tuberculous otitis media in children accounted for some 2 % of cases of otitis media, and in adults for some 2°% of those with a pulmonary lesion.
In spite of the extensive literature on the subject few authors claimed personal experience of many cases, although Blegvad (1951) had treated 277 cases in thirty-three years; Ormerod (1939) reported 111 cases in the Brompton Chest Hospital between 1921 and 1935; Ruedi (1951) had a series of 101 cases; and there was a total of 128 cases reported by various authors in Edinburgh from 1907 to 1924. Most authors report a more modest acquaintance with the disease, and the impression one gets from this survey is that from the purely numerical standpoint tuberculous otitis media was never a major problem.
Primary Lesions
The older writers on the subject divided tuberculous otitis media into primary and secondary,-depending upon whether or not the disease was found elsewhere in the body. There is a volume of modern opinion that the disease can never be confined to the middle ear and mastoid, and some recent articles refer to the aural condition as primary/secondary if tuberculosis is not found elsewhere, and tertiary if it is. This surely confuses the picture still further. Milligan stated that a primary infection was not as uncommon as had been thought, in that it could occur in the cancellous spaces of the temporal bone. Jobson Home felt that the primary infection was exclusively found in children. Goldstein (1903) wondered 'whether it is not reasonable to assume that a tubercular infection can exist in the upper respiratory tract and ears before lung involvement'. By 1911 Milligan claimed that primary tuberculosis of the middle ear was recognized as a definite disease, and quoted cases of primary aural tuberculosis reported by Knapp, Kuster, McEwen Smith, Goldstein, Home and Habermann. For a time the literature swung away from the concept of a primary tuberculous otitis media and concentrated on the mode of spread to the tympanic cavity. Logan Tumer (1915) discussed only the pathway of infection, and never mentioned the word 'primary'. However, in 1941 Baar & Evans returned to the argument and quoted a number of authorities who considered that tuberculosis was rarely a primary infection of the middle ear. They had studied all cases of primary tuberculosis of the middle ear reported in the literature and come to the conclusion that only 12 could be admitted on strict criteria, all of them from Germany or Austria, and they added one case of their own. Proctor & Lindsay (1942) commented:
'Most of the repoited cases of primary tuberculosis of the temporal bone have not been studied completely, either in life or at necropsy, to determine the presence or absence of healed or active tuberculous foci else- (1942) where in the body. It should be emphasized that in the majority of these cases the disease in the temporal bone is primary in a clinical and not a pathologic sense.' Myerson (1944) was of the same opinion. He thought that primary tuberculous otitis media was rare, and that 'many cases were considered to be primary before X-ray studies of bones &c. were available'. Fields (1967) stated that a search of the literature had shown that all cases reported since 1940 were secondary, and were due to the human tubercle bacillus. In spite of his search, Schulthess (1952) had reported 36 cases, of whom 22 died, occurring mainly in infants, and proved to be primary, some of them being due to the bovine bacillus. Jeanes & Friedmann (1960) reported on 12 cases of tuberculous otitis media treated in the Royal National Throat, Nose and Ear Hospital between 1950 and 1959, and found no evidence of past or present tuberculosis in other organs in 5 patients, 4 of them children.
There have been reports of tuberculous otitis media occurring in young infants following the administration of oral BCG vaccine (Hammelburg 1952) , and of so-called congenital tuberculous otitis media due to the inhalation of a tuberculous infected amniotic fluid (Vailland 1967) . In one of my cases a baby born to a tuberculous mother and completely segregated from birth developed cervical adenitis, mastoid swelling and facial paralysis at the age of 3 months. The paralysis was not cured by mastoid surgery and antituberculous drugs, and a facial sling using palmaris longus tendon was required later to achieve facial symmetry. The assumption was that she had inhaled or swallowed infected amniotic fluid. On the other hand, McKibben & Sheehy (1956) reported the case of a pregnant woman who developed tuberculosis of the middle ear in the ninth month of pregnancy. She was delivered of a healthy baby, and during the course of treatment and follow up gave birth to a third healthy child.
It would seem reasonable to conclude that primary tuberculosis of the middle ear is rare and is almost exclusively found in infants or young children.
Spread
Tuberculosis may spread to the middle ear via the eustachian tube or blood stream. The spread of infection through or along the eustachian tube has long been recognized, and the anatomical differences found in the infant tube as compared with that in the adult demonstrate why this occurs more easily in the young. The tube is shorter in the infant -20 mm as against 33-36 mm in the adult, and the lumen is relatively and actually greater in the infant. The tympanic orifice of the tube is larger than in the adult and is placed on a lower level in the tympanic cavity, while the pharyngeal end opens closer to the choane. Infection may enter the tube during sucking which, according to Milligan, initiates to and fro currents of air in the eustachian tube thus favouring transmission of infection. Regurgitation of curds of tuberculous infected milk may deposit bacilli in the pharynx and nasopharynx, and such infection gains entrance into the eustachian tube during swallowing, coughing or sneezing. In a recumbent patient with severe pulmonary tuberculosis tuberculous sputum may lie in the pharynx or nasopharynx before being expelled, and so may spread to the ears.
Adenoid tissue in infants and young children used to be a fruitful source of tubercle bacilli, although this is now much less common, and I have rarely found it, even with tuberculous tonsils. Banham & Ransome (1951) demonstrated it in their case, and Guthrie (1920) quoted the reported percentages of involvement of the adenoids at the turn of the century (Table 4 ). Adenoids may become infected from milk containing the bovine tubercle bacillus. Mitchell (1914b) examined 406 samples of mixed milk collected from the same number of milk shops in Edinburgh and found tubercle bacilli in 82 (20%). The bovine strain was responsible not only for 90 % of tuberculous glands (Mitchell 1914a) but was shown by Sir John Fraser (1914) to cause 60% of tuberculous bone disease. From this one might with justification assume that tuberculous otitis media was confined to the poorer classes but M'Cart comments that the cases he reported included 10 private patients. Milligan cast some doubt on infected milk as a cause because the majority of his cases reported in 1911 had been breast-fed, but in most reports, when the type of feeding is noted, bottle-fed babies predominate.
Infection from the nasopharynx spreads to the middle ear via the eustachian tube with or without involvement of the tube itself. Politzer thought that it could spread along the submucosa without tubal infection. Cemach (1926) demonstrated spread along the lumen of the tube by applying red colouring matter to the lateral wall of the Table 4 Frequency of histological demonstration of tuberculosis in adenoids (Guthrie 1920 Milligan (1910) 16 11 333 nasopharynx in a patient with tuberculous otitis media who had a large drum perforation, and recovered it as granules in the external meatus. He pointed out that if the colouring matter had been absorbed and excreted by the ear it would not have been found as granules.
It is generally agreed that himatogenous spread occurs most frequently in adults from a primary lesion in the lungs, but it may equally well occur in children from foci in the lungs, bones or joints. The initial lesion, the Ghon tubercle, involves lymphatics with a secondary lymphadenitis and if the infection is not controlled spread continues in the lymphatics and ultimately in the blood stream. Ballenger & Ballenger (1943) believed that the bone marrow of the t'mporal bone acted as a filter to circulating bacteria and thus a secondary lesion could occur. Theissing (1932) demonstrated miliary tubercles in the bone marrow of the temporal bone, and to a lesser extent in the tympanum, by experimental injection of a suspension of tubercle bacilli into the internal carotid artery of animals.
Pathology
Tubercles appear in the middle ear cavity affecting initially the mucosa over the promontory (Winkler and Brieger), the inner surface of the tympanic membrane (Bernstein), or the mucosa of the mastoid antrum (Kuster). These tubercles develop and infiltrate with caseation and necrosis of bone. Granulations surround the ossicles, which are gradually absorbed and have been reported to be extruded. Spread occurs through the two windows to involve the labyrinth, and sections (Turner 1915 , Fraser 1915 , Proctor & Lindsay 1942 show the build up of tuberculous material in the niche of the round window with erosion of the stapedial footplate. The bony wall of the facial nerve is also eroded by direct infiltration. The mastoid cells are involved by direct spread or by the blood stream, and this too is a painless procedure although Myerson (1944) believes that there may be pain when the periosteum is involved. As the disease extends through the mastoid process cellular structure is invaded and replaced by granulation tissue. This results in sequestrum formation, and the striking feature ofmastoid exploration in these cases in children was the size and frequency of the sequestra. Incomplete surgery carried with it the danger of further sequestration, even that of the bony meatus, and this led to the insistence that nothing short of a radical mastoidectomy would cure the condition. Spread of the disease is arrested for a time by membranous tissuethe sheath of the facial nerve, the membranous labyrinth, the wall of the sigmoid sinus, the meninges and the periosteumbut the frequency of complications showed that the disease could invade and infect these tissues especially in young subjects in whom it pursued a more active course.
Clinical Features
The clinical features of tuberculous otitis media are somewhat different in infants and children from those in adults basically because, for obvious reasons, the earliest symptoms are not noted in infants and because the infection is more rapidly widespread in them.
In the adult there is usually a pre-existing pulmonary lesion bringing with it the general manifestations of loss of weight, night sweats, tiredness, cough and himoptysis, Locally the first symptom is often deafness and occasionally tinnitus. The deafness is generally conductive in type although Politzer, before audiometry, and Taillens (1954) , since audiometry, believed that it is perceptive in nature, at least at the outset. Typically in the established case there is a conductive deafness of 40-50 dB or more if the incus is destroyed or the labyrinth invaded. Deafness will attract attention to the tympanic membranes which were described in detail by writers sixty years ago, were drawn in colour by Blegvad (1927 Blegvad ( , 1951 , Ormerod (1939) and Dingley (1951) , and were photographed by Wallner (1953) , who published these in black and white in his thesis, but fortunately Shambaugh (1959) reproduced them in the original colour versions in his book.
Descriptions of the intact drum are plentiful, and may be considered in three phases. Milligan & Wingrave (1911) , Kerrison (1913) and Briggs (1914) all described a drumhead which was reddish but which lacked the angry red of inflammation, and which showed a little distension peripherally where the colour was yellowish-grey. Miller (1934) and Myerson (1944) , presumably with the help of the magnification from an auriscope, described a membrane which was thickened, lacking in lustre, with dilated surface vessels, and which bulged posteriorly and later anteriorly. Blegvad (1951) and Wallner (1953) , presumably with the advantage of the microscope, said that the membrane in the early stages was rose-coloured with a considerable posterior bulge which might obliterate the landmarks, while over the surface seven or eight tortuous vessels coursed towards the handle of the malleus. Later there was an anterior bulge as well and the membrane became more yellow in colour.
A tubercle, described as a millet seed and pearly grey in colour (Dingley 1951) , may form and break down to give rise to a perforation, at first minute and circular, and appearing in the pars tensa, usually postero-inferiorly. Ormerod (1931) thought that the site of the perforation might be explained by the blood supply of the membrane. The perforation enlarges and becomes irregular until it may occupy most of the lower half of the membrane, and it may extend until the whole of the pars tensa is lost. The handle of the malleus, denuded of membrane, is absorbed to leave only a stump. Through a large perforation one may see that the long process of the incus suffers a similar fate and its contact with the stapes is lost. Should there be more than one tubercle there may be more than one perforation but the general assumption that multiple perforations are almost invariably found is by no means sustained in the literature. Miller (1934) and Craig (1962) never saw them, and Fraser (1931) and Watkyn-Thomas & Yates (1932) were of the opinion that multiple perforations were not diagnostic of tuberculosis. Blegvad (1927) reported 8 double perforations and one triple perforation in 44 cases; Szineti (1928) found 3 double perforations and one triple perforation in 34 cases, and Ormerod recorded 17 double perforations and one bilateral double perforation in 111 patients. Wallner (1953) commented that multiple perforations coalesce rapidly, which might explain why they are infrequently seen.
Characteristically these changes occur without pain in 95 % of cases although Leegard (1921) and Muskat (1935) maintained that the absence of pain was not diagnostic, and M'Cart noted a history of pain in 15 % of the cases he reported.
The discharge is scanty and thin, sometimes faintly blood-stained in the early stages, but it later becomes mucoid and flocculent before becoming mucopurulent. If the case were not seen until caries and secondary infection had occurred the discharge might be fetid. This was fairly common in early reports but unusual in more recent years.
In infants and children discharge from the ear is the earliest finding in the great majority of cases and the appearance of a painless discharge was the presenting feature in 54% of M'Cart's cases (1925) . Granulations appear early, especially in the young, and again without pain. They are usually described as pale, flabby and exuberant, but the most suspicious feature is the rapidity with which they recur after removal. It is wise to have a histological examination of all granulations removed from the young. If this is not carried out initially the early recurrence of granulations demands bacteriological and histological studies.
Another characteristic feature is the enlargement of the periauricular glands. This was found in 95% of Turner's (1915) cases and 100% of Guthrie's (1920) . Craig (1962) said that the preauricular glands were so commonly enlarged as to be pathognomonic. Baar & Evans (1941) noted that the medial part of the tympanic cavity drains into the lateral retropharyngeal and the deep cervical glands, which also drain the pharynx, adenoids and eustachian tubes; while the lateral part ofthe tympanic cavity drains into the anterior and posterior auricular glands and thence to the chain along the sternomastoid muscle. In a great number of early reports cold abscesses with fistula formation had occurred before the child was seen, and in many instances these required curettage. The last case of tuberculosis of the middle ear which I saw in a child presented as a chronic retropharyngeal abscess in a boy aged 7 years. This was aspirated and tubercle bacilli were sought for bacteriologically and at guineapig inoculation without success. The abscess recurred and was drained by external incision in the neck, again without recovering tubercle bacilli from the pus. Two years later he developed a painless swelling of the mastoid which caused him discomfort when wearing spectacles. and the granulations throughout the mastoid were shown histologically and bacteriologically to be tuberculous.
In young children, but especially in infants, painless mastoid involvement with a subperiosteal abscess may be the presenting symptom. This occurred in a high proportion of the early series and it is still commonly reported. Quite a number of early papers mentioned fistula formation occurring from this abscess and as recently as 1969 Smoler Facial paralysis may be the first sign to the parents that there is a serious condition underlying the painless discharge. Logan Turner (1915) noted it in 45 % of his cases in children; M'Cart (1925) in 39%; and Guthrie (1920) in 58%. Four of my 8 cases had facial paralysis when first examined. It is uncommon to find the paralysis bilaterally, but Fields (1967) published such an occurrence in a 3-month-old infant who also had lost labyrinthine function bilaterally. StClair Thomson (1931) and Wallner (1953) had never seen this complication, but they were dealing with adults. On the other hand, Leegard (1921) , whose 20 cases included 14 children, found no facial paralysis.
Diagnosis
It is essential to remember that there is such a condition as tuberculous otitis media, and to suspect it in any infant or young child with a painless, thin, scanty aural discharge, particularly with granulations, and especially if there are enlarged periauricular glands. A history of exposure to tuberculosis, for example in the mother, will strengthen the suspicion. Any patient with a known pulmonary lesion who develops middle ear disease must be fully investigated. The aural discharge is examined for Mycobacterium tuberculosis. Wingrave (1903) stressed that the sample Proc. roy. Soc. Med. Volume 66 April 1973 must be taken from 'discharge from the deepest available part of the meatus', and Dundas Grant devised a glass pipette for aspirating pus from the middle ear cavity. The average bacteriological swab is singularly unsuited to obtaining a sample of middle ear pus from an infant or a young child, and for years we have used in all children thin swabs made from twisted wire with a small coating of wool. Many different media have been used to culture acid-fast bacilli, but not all such bacilli are tuberculous, and as early as 1914 Briggs pointed out that differentiation was required. Repeated swabs may have to be examined before Mycobacterium tuberculosis is discovered (Harbert & Riordan 1964) . One may expect a positive result from bacteriological examination in some 50 % of cases, and inoculation of guinea-pigs will add considerably to that percentage, but the results are not obtainable for some weeks. Microscopic examination of the granulation tissue for tuberculous foci with giant cells is more rewarding, and M'Cart (1925) obtained histological proof in all cases so examined, as did Jeanes & Friedmann (1960) .
Radiography of the mastoids frequently shows well-pneumatized processes with some increase of density of the cells. Myerson (1944) suggested that a thinly outlined petrous bone with a relatively enlarged petrous apex might be indicative of tuberculosis. Habermann (1949) stated that tuberculosis should be thought of in a chronic otitis media with a well-pneumatized mastoid with or without blurring of the cell walls and with diffuse atrophy of the petrous.
The Mantoux test, or the comparable but less accurate tests of Heaf or Tine, is the modern equivalent of Morro's rubbing into the skin of tuberculin ointment, and of the later von Pirquet test. It is of great value in infants and children if it gives a negative result. A positive result may be suggestive, but a negative one is definite.
Should the case not be diagnosed before mastoid surgery the presence of exuberant, pale, flabby granulation tissue in the mastoid cavity is suggestive, and this must always be sent for histological examination and for bacteriological culture. In the infant necrosis may be widespread and sequestration of the outer attic wall, the cochlea, and the semicircular canals used to be commonly found. This was thought to be due to superadded pyogenic infection, but nowadays most patients will have been treated by a battery of antibiotics, selected usually at random, before being referred so that secondary invasion has been minimized. Turner (1915) found caries in 65% of his cases, and sequestration in 60%. Leegard (1921) considered the yellowish-white or greyish-white putty-like contents of the mastoid process, first described by Schwartze, to be more diagnostic of tuberculosis than flabby granulations. If the diagnosis still has not been made at surgery because the disease has not been considered, the slow rate of healing and the breakdown of the mastoid wound, which occurred in 15% of the cases reported by M'Cart, with granulations appearing in the incision, must call for histological investigation. Such a case was reported by Dickson & King (1951) . It concerned a patient who had undergone mastoidectomy one year previously in another hospital, and who reported with an abscess in the scar. Strawcoloured fluid was aspirated from this, and a week later granulation tissue appeared at the aspiration site and proved to be tuberculous. Treatment The treatment of tuberculous otitis media has undergone the same transformation with the advent of streptomycin, sodium aminosalicylate (PAS) and isoniazid as has suppurative otitis media with other antibiotics. One cannot read the literature of the disease without feeling heartfelt sympathy with the surgeons of the day. Their observations were so accurate, and their surgery on these ill babies so accomplished, and often performed under local analgesia because of the frequent anesthetic deaths in healthy babies, let alone ill ones. All that they had to offer for the general infection was fresh air, sunlight, nutritious food, tonics and a seaside holiday. Locally it was found that syringing was harmful, and mopping and insufflation of boric in iodine powder was used. Old tuberculin, new tuberculin and bacillary emulsion were all tried. Local heliotherapy was hailed in the 1920s as a break-through (Lussman & Bendove 1927 , Chapman 1927 , Cox & Dwyer 1929 but was discarded in a few years. The sulphonamides and penicillin failed to cure the infection and in its early days streptomycin threatened to do more harm than good on account of its effects on the internal ear. Treatment by streptomycin, PAS and isoniazid is now controlled and standardized, and is successful when the patient co-operates in the lengthy treatment. The first antibiotic cures in tuberculous otitis media were reported by Grief & Gould (1948) , Adams (1948 ), Siirala & Lahikainen (1949 and Titche (1950) . Resistant strains of organisms were encountered and Titche (1952) found that some of these responded to local instillation of terramycin. Resistant strains are now found in some 4.5% of new cases of tuberculosis and this percentage is increasing. Rifampicin, capreomycin, prothionamide, pyrazinamide or cycloserine may be used, but each carries a high risk of toxic liver or renal damage. Ethambutol may be substituted for PAS but is apt to lead in some cases to loss of visual acuity and of colour vision. Cures were obtained by the local as well as the general use of streptomycin, and Ruedi (1951) reported 94 dry ears in his series of 101 cases in three weeks by giving the antibiotic locally as an aerosol in addition to intramuscular injections. It is true that 30% of them recurred but they again responded to the same regime.
The extent of surgery has changed over the years. In early reports surgery was radical, especially in the young in whom destruction was extensive because resistance was poor. In my earlier cases radical mastoid surgery was the accepted practice, but in later cases with the comforting help of antituberculous therapy an extqnsive cortical mastoidectomy was sufficient to obtain a cure. Even the presence of granulation tissue on the dura mater caused little concern, and tuberculous meningitis did not materialize. All my patients were treated surgically because I have seen none since antituberculous therapy was available who did not have clinical indications for surgery, facial paralysis or mastoid abscess.
In cases with an intact tympanic membrane opinion has differed sharply regarding myringotomy. Briggs (1914) said that it should be done early through the part of the drum showing the greatest infiltration, and Spencer (1945) agreed that it should always be done. Scobee (1933) thought that myringotomy should be done because there may be infection in the mastoid antrum and cells even if the membrane were intact. On the other hand Blegvad (1927) believed that myringotomy should never be performed because there is no exudate at this stage, and StClair Thomson (1931) and Bateman (1952) agreed with this view. Wallner (1953) felt there was no indication for surgery of any kind, but he was reporting on adult cases and most authors dealing with the disease in young subjects recorded the performance of mastoid surgery.
Complications
Facial paralysis due to erosion of the capal wall is the most frequent complication. In the early days this paralysis was permanent, but more recently improvement of function has been reported if specific therapy is started early enough and supported by physiotherapy. It is much more common in young subjects.
Labyrinthitis occurs from direct spread through the oval and round windows and from necrosis of the bony walls of the semicircular canals. Tubercle bacilli appear to have a predilection for the labyrinth and Fraser (1915) injected suspensions of various pyogenic organisms and of tubercle bacilli through the tympanic membranes of guinea-pigs and showed that the tuberculous suspension was much more liable to produce labyrinthitis. Tuberculous meningitis was regarded by Watkyn-Thomas & Yates (1932) as the main complication, and many deaths were recorded from this cause by Turner (1915) , Guthrie (1920) , M'Cart (1925) , Ballenger & Ballenger (1943) and others. The pathways of spread were discussed by Arbuse & Levenson (1951) , who treated two such cases.
Although tuberculous granulations may be found on the wall of the sigmoid sinus, thrombosis is uncommon. Stewart (1934) found only 6 cases of tuberculoma secondary to tuberculous mastoiditis in the literature, and he added a seventh case and illustrated the direct spread of tuberculosis from the adenoids via the eustachian tube, the middle ear, the mastoid, and through the meninges to the brain in a series of microphotographs. All 7 cases were fatal.
A fatal heamorrhage may occur if the disease should erode the internal carotid artery, and Oppenheimer (1900) reported 7 such occurrences. Myerson (1944) recorded a patient who produced repeated sudden arterial haemorrhages from a post-auricular fistula. These required packing and blood transfusions and were only controlled by electrocoagulation of the internal carotid artery.
Prognosis
The prognosis of tuberculous otitis media and mastoiditis was always regarded as grave, especially in the very young, and many died from the disease and its complications before the advent of streptomycin. At best they suffered from deafness, severe if the labyrinth were destroyed, and often from facial paralysis. There was severe scarring of the mastoid skin and of the skin over the periauricular glands if a fistula had occurred or if abscesses had been opened and curetted. Adults fared better because of the more chronic course of the disease, but were left with a moderate to severe deafness.
With antibiotic therapy results have improved. Kollar (1952) cured all his 5 cases by surgery and streptomycin; Titche (1950) reported 18 healed ears and 11 improved in an series of 35 cases treated by local instillation of streptomycin; Ruedi (1951) obtained 94 dry ears out of 101 cases by an aerosol spray of streptomycin combined with intramuscular antibiotic. Craig (1962) reviewed 8 children whom he had treated ten to twelve years previously; most of them had had the mastoid opened more than once, all of them took a long time to heal, even with streptomycin therapy, and most had a considerable hearing loss. Stone (1967) reported an adult with a 40 dB loss who improved to 15 dB after endaural surgery and streptomycin therapy. All my 8 cases recovered and 3 of the 4 facial paralysis patients obtained considerable recovery of function. Midholm & Brahe-Pedersen's case (1971) improved from a 50-70 dB loss to 20-40 dB following myringoplasty once the infection in the middle ear and mastoid had been controlled.
In conclusion the control of aural tuberculosis has marched with the control of tuberculosis as a whole. Pasteurization of milk, BCG vaccination and improved public hygiene can claim as great a triumph in the prevention of the disease as can antituberculous therapy in the complete cure of established cases, but the essential element for a successful result is an awareness of the condition and an early diagnosis. In the words of Jeanes & Friedmann (1960) : 'In spite of the advent of antituberculous therapy early diagnosis remains important, and the comparative rarity of the condition should not prevent it from being considered in the differential diagnosis of otitic infection.'
